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ABSTRACT
The strange magnetic form factor of proton is calculated in a model inde-
pendent way to confirm the recent experimental result of the SAMPLE Col-
laboration. We consider a set of six inertia parameters to realize the magnetic
moments of the baryon octet. We show that the strange form factor of proton
is a positive quantity, i.e. +0.37 n.m.. Its positiveness is analyzed in terms
of the vacuum fluctuation coupled to the vector current along the strangeness
direction.
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Triggered by the EMC result[1], there have been significant discussions concerning the
possibility of sizable strange quark matrix elements in the nucleon. Quite recently, the
SAMPLE experiment[2] reported the proton’s neutral weak magnetic form factor, which
has been suggested by the neutral weak magnetic moment measurement through parity
violating electron scattering[3]. In fact, if the strange quark content in the nucleon is
substantial then kaon condensation can be induced at a matter density lower than that
of chiral phase transition[4, 5] affecting the scenarios for relativistic heavy-ion reactions[6],
neutron star cooling[7] and so on.
On the other hand, McKeown[8] has shown that the strange form factor of proton
should be positive by using the conjecture that the up-quark effects are generally dominant
in the flavor dependence of the nucleon properties. This result is contrary to the negative
values of the proton strange form factor which result from most of the model calculations[9,
10, 11, 12, 13, 14] except that of Hong and Park (HP)[15] based on the SU(3) chiral bag
model (CBM)[16]. Recently Meissner et al investigated the strange form factors by taking
isoscalar and isovector meson poles into account[17]. They found the strange form factor
to be positive and quite “OZI-resurrected”, µs ≈ 0.003 n.m..
The motivation of this paper is to justify the prediction of Ref.[15] on the positive
strange form factor of the proton by doing the adjustment of the inertia parameters in a
more systematic way.
Long ago, Adkins discussed the model independent parameterization of the magnetic
moments of baryons governed by the group structure, in which the flavor symmetry breaking
and the 1/Nc correction are taken into account of the SU(3) Skyrme model (SM)[18]. The
same line was traced in HP for the CBM to show that there are also six parameters for the
magnetic moments of baryon octet. As the details of the calculation with CBM already
are presented in HP, we here mention only the general scheme of it to discuss the model-
independent behavior of the magnetic moments.
In the CBM, a baryon is described by two phases : the mesonic phase of soliton con-
figuration is surrounding the quark phase where the freely moving quarks are confined
through the chirally symmetric boundary condition. In addition to the “chirally symmet-
ric” Lagrangian, incorporated are various “symmetry breaking” terms into the Lagrangian:
(1) Breaking of the SU(3)L× SU(3)R chiral symmetry into SU(3)V for the nonvanishing
quark masses. At this level all the quark masses and consequently the masses of the meson
octet are chosen degenerate. The mass matrix M¯ is given by M¯ = m¯diag(1, 1, 1) with
m¯ = 12(mu + md). (2) Breaking of the flavor SU(3) symmetry into SU(2)×U(1) due to
the heavier strange quark than the other two light quarks and due to the difference in the
kaon and pion decay constants fK 6= fpi. The isospin symmetry breaking has not been
incorporated. These symmetry breaking terms can be treated as perturbations.
The meson part of the solution is described by a classical static field configuration
U0(~r) = exp(i
∑3
i=1 λirˆiθ(r)) and the quark part is described by a Fock state |H〉0 with
Nc valence quarks and completely filled negative energy sea for the quarks confined inside
the bag. The zero modes associated with invariance of the solution under the arbitrary
rotations in SU(3) flavor space can be canonically quantized by introducing proper collective
coordinates A(t) ∈SU(3). Such a process leads us to the Hamiltonian for the baryon states
as
Hˆ = Hˆ0 + HˆSB, (1)
1
where
Hˆ0 =M0 +
1
2
(
1
I1 −
1
I2
)
Jˆ2 +
1
2I2 (Cˆ
2
2 − 34 Yˆ 2R), (1a)
and
HˆSB = m[1− Dˆ888(A)] −m1Yˆ . (1b)
Here, the operators associated with the SU(3) collective coordinate quantization will be
distinguished by putting a caret : Cˆ22 is the quadratic Casimir operator for flavor SU(3),
Jˆi(i = 1, 2, 3) the spin operator, YˆR the “right” hypercharge operator, D
8
ab(A) the adjoint
representation of SU(3), and Yˆ the hypercharge operator. The other quantities are the
inertia parameters : M0 is the mass of the soliton solution, I1 and I2, respectively, are
its moments of inertia with respect to the collective rotation in the nonstrangeness and
strangeness directions, and m and m1 are inertia parameters associated with the flavor
symmetry breaking (FSB). (See Ref.[16] for their explicit form.) Except these model de-
pendent inertia parameters, the Hamiltonian of Eq.(1) is general to all the soliton models
for baryons based on the chiral Lagrangian.
As far as the symmetric part of the Hamiltonian H0 is concerned, the wavefunction of
the baryon with isospin (I, I3), spin (J , J3) and the hypercharge Y is given by the Wigner
D-function,
Φ
(λ)
B (A) =
√
λ〈I, I3, Y |D(λ)(A)|J,−J3,+1〉, (2)
where D(λ)(A) is the matrix element of the SU(3) irreducible representation (IR) of dimen-
sion λ acting on the basis 〈I, I3, Y | and |J,−J3, YR〉. Due to the Wess-Zumino constraint,
only the states obeying YR = 1 are allowed. When the symmetry breaking Hamiltonian
HˆSB is treated as a perturbation, up to first order the wavefunctions of the baryon octet
are modified as
ΦB(A) = Φ
(8)
B (A)− C(10)Φ(10)B (A)− C(27)Φ(27)B (A), (3)
where Φ
(10)
B (A) and Φ
(27)
B (A) have the same quantum numbers of the corresponding baryon
belonging to different IR. Such a “representation mixing” is caused by the Dˆ888(A) in HˆSB.
The baryon magnetic moments can be calculated by taking the expectation values of the
corresponding operator with respect to the baryon wavefunctions (3). We first derive the
flavor singlet current V
(0)
µ and flavor octet vector current V
(a)
µ (a = 1, 2, · · · , 8) from the given
CBM Lagrangian. As for a baryon number current on the mesonic phase, we should include
that of the topological winding number. In terms of these current, the electromagnetic (em)
currents Jemµ for example can be easily constructed as J
em
µ = V
(3)
µ +
1√
3
V
(8)
µ . The currents
define associated magnetic moments as
~µ(0,a) = 12
∫
d3r(~r × ~V (0,a)). (4)
Following the standard procedures in the SU(3) collective coordinate quantization scheme,
2
one can obtain the magnetic moment operators in terms of the collective variables as
µˆi(0) = MJˆ i,
µˆi(a) = −N Dˆ8ai −N ′
7∑
p,q=4
dipqDˆ
8
apTˆ
R
q +
Nc
2
√
3
MDˆ8a8Jˆi
−PDˆ8ai(1− Dˆ888) +
√
3
2
Q
7∑
p,q=4
dipqDˆ
8
apDˆ
8
8q
(5)
where M, N , N ′, P and Q are new inertia parameters depending on the soliton solution.
(See Refs.[15, 19] for the details.) TˆRp (p = 4, · · · , 7) is the “right” SU(3) operator appearing
in the SU(3) collective coordinate quantization processes. The other operators such as
TˆRi (i = 1, 2, 3) and Tˆ
R
8 have been replaced by familiar spin operator Jˆi and the right
hypercharge operator Y R mentioned before : Jˆi = −TˆRi and Yˆ R = 2
√
1
3 Tˆ
R
8 . The last two
terms of µˆi(a) come from the symmetry breaking Lagrangian for the difference in the meson
decay constants. In the practical calculations of the expectation values, it is helpful to
rewrite the last two expressions in terms of a linear combination of the single Dˆ operators,
for example, as
µˆ
i(3)
SB = P(−45Dˆ83i + 14(Dˆ103i + Dˆ
10
3i ) +
3
10Dˆ
27
3i ) +Q( 310Dˆ83i − 310Dˆ273i ),
µˆ
i(8)
SB = P(−65Dˆ88i + 920Dˆ278i ) +Q(− 310Dˆ88i − 920Dˆ278i ).
(6)
Here, Dλab is the unitary IR of SU(3), which is nothing but the WignerD-functions appearing
in Eq.(3) with the corresponding quantum numbers (Y ; I, I3)a and (YR;J,−J3)b.
By taking the expectation values of the operators (5) with the wavefunctions (3) for the
baryon states, one can obtain the electromagnetic moments in a form of
µB = µ0,B + δµ1,B + δµ2,B (7)
up to the first order in perturbation. Here, the first order correction δµ1,B comes from
the explicit contribution of the FSB Lagrangian to the current and δµ2,B is due to the
representation mixing in the wavefunctions. In Table 1, listed are the explicit expressions
for the magnetic moments of the baryon octet. Note that δµ2,B (and the term proportional
to Q in δµ1,B) satisfy “V-spin symmetric” relations
δµ2,p = δµ2,Ξ− , δµ2,n = δµ2,Σ− and δµ2,Σ+ = δµ2,Ξ0(=
1
2δµ2,p), (8)
while µ0,B ’s satisfy SU(3) symmetric (or “U-spin symmetric”) ones
µ0,p = µ0,Σ+ , µ0,n = µ0,Ξ0 , µ0,Σ− = µ0,Ξ− and µ0,Λ = −µ0,Σ0 . (9)
At this point, it will be interesting to evaluate the separate up, down and strange
quark contributions to the magnetic moments of the baryons. They are associated with the
electromagnetic current carried by the quark of flavor f(= u, d, s), which are obtained by
multiplying the fractional charge to the corresponding quark current V
(f)
µ ; that is, J
em(f)
µ =
3
Q
(f)
emV
(f)
µ with Q
(u)
em = +
2
3 , Q
(d,s)
em = −13 and
V
(u)
µ = V
(0)
µ + V
(3)
µ +
1√
3
V
(8)
µ ,
V
(d)
µ = V
(0)
µ − V (3)µ + 1√3V
(8)
µ ,
V
(s)
µ = V
(0)
µ − 2√3V
(8)
µ .
(10)
Let µ
(f)
B denote the each quark contribution to the magnetic moment, which can be obtained
in the same way described above. The explicit expressions for µ
(s)
B are appended in Table
2. Note that the baryons belonging to the same isospin multiplets have the same strange
component. The rest up- and down-quark contributions can be obtained with the help of
µB = µ
(u)
B + µ
(d)
B + µ
(s)
B and by using the isospin symmetry :
µ
(d)
B =
Q
(d)
em
Q
(u)
em
µ
(u)
B˜
, (11)
where B˜ denotes for the isospin conjugate baryon to B.
The form factors are defined through
B〈p+ q|V (f)µ |p〉B = ψ¯B
[
γµF
(f)
1,B(q
2) +
i
2mB
σµνq
νF
(f)
2,B(q
2)
]
ψB , (12)
where ψB is the spinor for the baryons. In the limit of q
2 → 0, µ(f)B are related to the
form factors F
(f)
2,B(q
2) discussed in the literature. The relation between the form factors
F
(f)
i,B (i = 1, 2) and the each component of the magnetic moments µ
(f)
B reads
µ
(f)
B = Q
(f)
e.m
[
F
(f)
1,B(0) + F
(f)
2,B(0)
]
. (13)
On the other hand, the form factor F
(f)
1,B is just the number of valence quarks with the flavor
f contained in the baryon, which is trivially given by its quantum numbers as
F
(u)
1,B(0) = 1 + I3 +
1
2Y, F
(d)
1,B(0) = 1− I3 + 12Y, and F
(s)
1,B(0) = 1− Y. (14)
Thus, the strange quark contributions to the electromagnetic moments can be transformed
into those for the F
(s)
2,B form factors by
F
(s)
2,N (0) = −3µ(s)N , F (s)2,Λ(0) = −3µ(s)Λ − 1,
F
(s)
2,Σ(0) = −3µ(s)Σ − 1, F (s)2,Ξ(0) = −3µ(s)Ξ − 2.
(15)
Note that the strange magnetic moment of nucleon comes solely from the F
(s)
2,N (0). Further-
more, the I-spin symmetric relation (11) can be expressed in a simpler form as
F
(u)
2,B(0) = F
(d)
2,B˜
(0). (16)
We summarize the expressions for the magnetic moments of baryons in Table 1 which are
general to various chiral soliton models of baryons. Then, we optimize the inertia parameters
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to fit the data in the point of view that the situation can be improved by fine-tuning the
model, for example, by including the other degrees of freedom and/or higher order terms
in the derivative on the chiral field. In Ref.[15], this trial was done by varying roughly the
inertia parameters around the CBM values to minimize the sum of the absolute difference
between the model predictions and the measured magnetic moments of the baryons1.
In this work, we develop an improved fitting method by noticing that the formulas for
the baryon magnetic moments are linear in the inertia parameters except mI2. Thus, given
a number for mI2, a standard least-square-fitting method can be applied to determining the
other fiveM, N , N ′, P and Q. In Fig. 1, presented are the numerical results on the inertia
parameters and the magnetic moments for various values of mI2 in the range 0 ≤ mI2 ≤ 4.
The fitting process turns out to be remarkably independent of the parameter mI2; the
inertia parametersM, P and N + 12N ′ are almost constants and the other parameters show
a trivial linear dependence as
N + 12N ′ = 10.95, mI2N ′ = 5.06mI2 + 2.87, and Q = 0.64mI2 − 4.39. (17)
Furthermore, for any value of mI2, the formula given in Table 1 can produce an excellent fit
to the baryon magnetic moments with almost constant χ2 of order 10−3 and F (s)2,p remains at
a positive constant value about +0.4. The numerical values are given in Table 2 as “Fit1”.
Such an independence of the fitting to the parameter mI2 can be understood by using
the V-spin symmetric relations (8). By subtracting a baryon magnetic moment by that
of the V-spin partner appearing in eq.(8), we can eliminate the terms with mI2 and Q.
It leads us to three equations for µp − µΞ− , µn − µΣ− and µΣ+ − µΞ0 for three unknowns
M, N + 12N ′ and P. With the experimental values for the baryon magnetic moments the
equations can be easily solved asM = 2.51, N + 12N ′ = 10.76 and P = −2.75. These values
are close to what we have obtained from the least-square fit including µΛ. Once these three
parameters are fixed, the remaining equation can be used to determine the rest three inertia
parameters. However, we can get only two equations for three unknowns, mI2, mI2N ′ and
Q, due to the last constraint in Eq.(8), δµ2,Σ+ = 12δµ2,p. By using µp and µn we obtain
mI2N ′ = 4.96mI2 + 3.34, Q = 0.64mI2 − 4.91, which are also comparable to Eq.(17).
It explains the linear dependence of parameters Q and mI2N ′ on mI2. The constraint
leaves a relation for the magnetic moments as µp + µn − µΣ− + 12µΞ− − 32(µΞ0 + µΣ+) = 0.
With the experimental magnetic moments the left hand side is evaluated as 0.08. It implies
that the expressions given in Table 1 for the baryon magnetic moments are reasonable.
The numerical results for this analysis are given as “Fit2” in Table 2, which yields again a
positive strange form factor.
We present the numerical results of CBM[16] also in Table 2 as a reference. Here the
inertia parameters are evaluated at the magic angle θ(R) = 12π corresponding to the bag
radius R ∼ 0.6fm. The values are obtained by including the conventional Skyrme term
to the meson part of the Lagrangian in order to stabilize the soliton solution with the
Skyrme parameter e = 4.75 and fpi = 93 MeV. The consequent baryon magnetic moments
are presented in the next table, which show qualitative agreements with the experimental
values within 30% errors. The worst case is the proton magnetic moment which comes out
1Ref.[15] has some erroneous numerical values in the predictions of the baryon magnetic moments and
thus we use a more systematic approach.
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smaller than that of Σ+. The same is true for the SM which corresponds to the CBM with
zero bag radius.
Next we investigate the origin of the large positive values of the strange form factors. To
do this we divide the nucleon strange form factors into three pieces; namely the contributions
from the chiral symmetric limit F
(s),0
2N , the explicit FSB via the current operator F
(s),1
2N and
the implicit FSB through the representation mixing in the wave functions F
(s),2
2N as shown in
Table 3. Here one notes that the FSB effects are dominant in “Fit1”, “Fit2” and the CBM
through the explicit and implicit channels. This large contribution from the FSB originates
from the terms which represent the differences in the kaon and the pion decay constants
fK 6= fpi and in the masses mK 6= mpi and ms 6= mu,d. These terms implicitly describing
the vacuum fluctuation in the strange direction have not been properly considered in most
of models2. That is why our prediction in “Fit1”, “Fit2” and the CBM are positively large
differently from those of most of models.
In Table 3 one also notes that the explicit current FSB is dominant in “Fit1” and “Fit2”
while the implicit representation mixing FSB is assertive in the CBM. Thus, one can hardly
expect that those inertia parameters from the present state of chiral models could provide
the ideal predictions of “Fit1” and “Fit2” on the magnetic moments and the strange form
factors without an introduction of new idea3.
The up-, down- and strange-quark contributions to the magnetic moment of the proton
are presented in Table 2. The results show that the up-quark contribution is dominant to
those from down- and strange-quarks by a factor 10. It is fully consistent with the up-quark
dominant picture of Ref.[8]. However, this qualitative behavior could not be used to predict
positive strange form factor. Note that the I-spin symmetry leads us to µ
(u,d,s)
p as
µ
(u)
p =
2
3 [2µp + µn + F
(s)
2,p (0)], µ
(d)
p =
1
3 [µp + 2µn + F
(s)
2,p (0)], and µ
(s)
p = −13F
(s)
2,p . (18)
which would yield µ
(u)
p = 2.45 n.m. and µ
(d)
p = −0.34 n.m. in case of vanishing strange
form factor. Our theoretical prediction for the strange form factor of the other baryons is
also given in Table 2.
In summary, we have investigated the magnetic moments and the strange form factors
of the baryon octet based on the group structure of the chiral models. Various symmetry
breaking terms are included into the model and treated as perturbations in the SU(3)
collective coordinate quantization scheme. Six inertia parameters appearing in the formulas
for the magnetic moments are adjusted to fit the experimental values of the baryon octet.
Our formulas are general to all the soliton models for the baryons with the SU(3) symmetry
breaking terms treated as a perturbation. We expect that in a more sophisticated version of
CBM the situation is improved. The formulas turn out to fit the baryon magnetic moment
remarkably well and predict the positive strange form factor of the proton 0.37 n.m. to
2Here one notes that one reference[10] treats the FSB effects to yield F
(s)
2,p = −0.13 n.m.. However this
value has the same sign but is much larger than our SM prediction due to the fact that they used the
different Skyrme parameter e = 4.0 and missed in the inertia parameter m the contribution from the term
proportional to f2K − f
2
pi .
3Here one cannot exclude the possibility of introducing new additional inertia parameters in the model
independent relations which could yield a different prediction of the strange form factors, together with the
gluon and Casimir effects.
6
be compared with the recent experimental result 0.23 ± 0.37 ± 0.15 ± 0.19 n.m.[2]. We
emphasize the role of the vacuum fluctuation in the strange direction to give the positive
result, which is ignored in most of models.
We would like to thank Mannque Rho and G.E. Brown for helpful discussions and
constant concerns. This work is supported in part by the Korea Science and Engineering
Foundation through the CTP and by the Korea Ministry of Education under Grant No.
BSRI-97-2418.
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Table 1: Electromagnetic moments of baryon octet : expressions.
µB = µ0,B ⊕ δµ1,B ⊕ δµ2,B
µp = +
4
40M+ 830 (N + 12N ′) ⊕ +1690P − 8180Q ⊕ mI2[ 241500M+ 162250 (N − 2N ′)]
µn = +
2
40M− 630 (N + 12N ′) ⊕ −1090P + 14180Q ⊕ mI2[ 621500M− 922250 (N − 2123N ′)]
µΛ = +
1
40M− 330 (N + 12N ′) ⊕ − 990P − 9180Q ⊕ mI2[ 271500M+ 182250 (N − 2N ′)]
µΞ0 = +
2
40M− 630 (N + 12N ′) ⊕ −2290P − 4180Q ⊕ mI2[ 121500M+ 82250 (N − 2N ′)]
µΞ− = − 640M− 230 (N + 12N ′) ⊕ − 890P − 8180Q ⊕ mI2[ 241500M+ 162250 (N − 2N ′)]
µΣ+ = +
4
40M+ 830 (N + 12N ′) ⊕ +2690P − 4180Q ⊕ mI2( 121500M+ 82250 (N − 2N ′)]
µΣ− = − 640M− 230 (N + 12N ′) ⊕ − 490P + 14180Q ⊕ mI2[ 621500M− 922250 (N − 2123N ′)]
µΣ0 = − 140M+ 330 (N + 12N ′) ⊕ +1190P + 5180Q ⊕ mI2[ 371500M− 422250 (N − 1721N ′)]
µ
(s)
N = − 760M+ 145 (N + 12N ′) ⊕ + 145P + 190Q ⊕ mI2[ 432250M− 383375N + 263375N ′]
µ
(s)
Λ = − 320M− 115 (N + 12N ′) ⊕ − 115P − 130Q ⊕ mI2[ 3250M+ 21125N − 4375N ′]
µ
(s)
Ξ = −15M− 445(N + 12N ′) ⊕ −19P − 145Q ⊕ mI2[ 1125M+ 41125N − 81125N ′]
µ
(s)
Σ = −1160M+ 115 (N + 12N ′) ⊕ + 11135P + 154Q ⊕ mI2[ 372250M− 141125N + 343375N ′]
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Table 2: The inertia parameters, magnetic moments of baryon octet and their form factors.
The magnetic moments included in the fitting process are indicated by ∗. For the inertia
parameters for “Fit1”, see the discussions in the text and Eq. (17).
M N N ′ P Q mI2
Fit1 2.55 text text −2.91 text free
Fit2 2.51 7.73 +6.07 −2.75 −2.99 3.00
CBM 0.66 6.00 +0.52 +1.11 +1.27 3.96
SM 0.67 5.03 +0.91 +0.76 +0.99 1.79
µp µn µΛ µΞ0 µΞ− µΣ+ µΣ0 µΣ−
Fit1 2.80∗ −1.91∗ −0.58∗ −1.28∗ −0.71∗ 2.40∗ 0.62 −1.16∗
Fit2 2.79∗ −1.91∗ −0.56∗ −1.27∗ −0.69∗ 2.41∗ 0.62 −1.16∗
CBM 2.06 −2.03 −0.58 −1.43 −0.49 2.12 0.43 −1.25
SM 1.68 −1.33 −0.59 −1.24 −0.52 1.76 0.54 −0.68
Exp. 2.79 −1.91 −0.61 −1.25 −0.69 2.43 − −1.16
µ
(u)
p µ
(d)
p µ
(s)
p F
(s)
2N F
(s)
2Λ F
(s)
2Ξ F
(s)
2Σ F
0
2
Fit1 2.72 0.21 −0.13 0.39 1.43 1.26 −0.97 0.28
Fit2 2.70 0.22 −0.12 0.37 1.37 1.22 −0.99 0.26
CBM 1.59 0.57 −0.10 0.30 0.49 0.25 −1.54 −0.67
SM 1.34 0.33 +0.01 −0.02 0.51 0.09 −1.74 −0.67
Table 3: The strange form factors of nucleon.
F
(s),0
2N δF
(s),1
2N δF
(s),2
2N F
(s)
2N
Fit1 0.16 0.28 −0.05 0.39
Fit2 0.16 0.28 −0.07 0.37
CBM −0.19 −0.12 0.61 0.30
SM −0.13 −0.09 0.20 −0.02
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Figure 1: Numerical results of the fitting : (a) inertia parameters, (b) χ2, (c) baryon
magnetic moments and (d) proton strange form factor as a function of mI2. The solid lines
in (c) are the experimental values of the baryon magnetic moments.
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